14,15,17-Trinorlabdan-8,13-dione 6 was efficiently synthesized via ozonolysis of (+)-manool (4) followed by treatment with aqueous NaOH in the presence of tetra-n-butylammonium bromide as catalyst. This protocol has the advantages of high yield, mild conditions and simple procedure. Utilizing this strategy, the first enantiospecific synthesis of 13,14-dihydroxy-8,11,13-podocarpatrien-7-one (1), a constituent of Taiwania cryptomerioides and Celastrus paniculatus, was achieved starting from (+)-manool (4) after a four-step sequence in 24% overall yield.
Plants have an outstanding ability to synthesize aromatic substances, most of which are either phenols or their oxygensubstituted derivatives. In many cases, these substances serve as plant defense mechanisms against predation by microorganisms, insects, and herbivores [1] . Abietane and biosynthetically related polycyclic diterpenes are a major group of ring C aromatic diterpenes [2] . Moreover, podocarpane-type diterpenes do not occur extensively in nature and are only present in several genera, such as Azadirachta, Humirianther, Micrandropsis and Podocarpus [3] . They have been reported to exhibit interesting biological properties such as antibiotic, antiviral, antioxidant, antimalarial and cytotoxic [4] . In 2000 Kuo et al. [5] isolated from the bark of Taiwania cryptomerioides the podocarpane diterpene (-)-13,14-dihydroxy-8,11,13-podocarpatrien-7-one (1) . In addition, Lu et al. [6] reported the isolation of this catechol from the Chinese medicinal plant Celastrus paniculatus. Other podocarpane catechols recently isolated were (+)-deoxynimbidiol (2) [7] and (+)-nimbidiol (3) [8] (Scheme 1). To date, a number of synthetic approaches to biologically active podocarpane-type diterpenes have been reported via polyene cyclization [9] . However, they generally require long reaction sequences, and furthermore, almost all of them produce the racemic form of the natural substance.
(+)-Manool (4) is a readily available natural diterpene with established absolute stereochemistry and has been used as a starting material for the efficient syntheses of drimane-type sesquiterpenes [10] , abietane-type diterpenes [11] and labdane-type diterpenes [11] . In these studies, two cleavage reactions (oxidative and photochemical) were used sequentially to transform (+)-manool (4) to an unstable exocyclic diene in 52% overall yield. In 2003 Zambrano et al. reported the preparation of (+)-nimbidiol (2) [12] , which was synthetized thanks to the use of the aforementioned 1,3diene. Recently, we have reported a new route to 13-hydroxy-8,11,13-podocarpatriene compounds via α,β-unsaturated ketone (7) obtained from (+)-manool (4), but this strategy involves the use of potassium permanganate to obtain methylketone 5 [13] . As a part of our research program towards the synthesis of bioactive diterpene Scheme 1 compounds starting from natural diterpenes, we are interested in developing an efficient route to 7-oxo-13,14-hydroxy-8,11,13podocarpatrienes from (+)-manool (4), useful as a medicinal compound in which an antimicrobial property and antioxidant activity are expected. In this paper we report the first synthesis of (-)-13,14-dihydroxy-8,11,13-podocarpatrien-7-one (1), through a short and efficient route from (+)-manool (4).
There are many natural products with a similar tri-cyclic system of abietane, totarane or podocarpane skeleton, including (+)-totarol [14] , (+)-deoxynimbidiol [7] , (+)-sempervirol [15] and (+)jolkinolide E [16] . To synthesize these compounds, the construction of the C-ring of the chiral podocarpane skeleton is necessary. This can be achieved by an intramolecular aldol condensation of 14,15,17-trinorlabdan-8,13-dione (6) [13, 17] . We previously reported the synthesis of α,β-unsaturated ketone 7 from (+)-manool (4) in 3 steps, but this strategy involves the use of potassium permanganate [13] . Ozonolysis of (+)-manool (4) in either carbon tetrachloride or ethyl acetate afforded compound 6 in low yield [18] . In 2006 Álvarez-Manzaneda et al. reported that allyl alcohols undergo oxidative cleavage, affording the corresponding carbonyl compounds in good yields, when treated with ozone-lead(IV) acetate under mild conditions [19] . However, ozonolysis of (+)-manool (4) with the ozone-lead(IV) acetate system afforded a complex mixture of products. In 1997 Hon et al. reported that ozonides could also be converted to different products by treating with Ph 3 P, Et 3 N and aqueous NaOH [20] . Recently, Rogachev et al. reported that (+)manool (4) in toluene was converted to 14,15,17-trinorlabdan-8,13dione (6) by ozonolysis in the presence of 10% sodium hydroxide in low yield [21] . In an attempt to increase the yield of the ozonolysis, this reaction was studied in different solvent systems; toluene and dichloromethane were the more favorable solvents to obtain compound 6 ( Table 1 ). . This procedure was followed and the yield of compound 9 was about 47%. We found that the yield of 9 could be improved up to 91% using air and sodium acetate (Scheme 2). To obtain the natural catechol 1, we needed to achieve an orthooxidation of podocapane phenol 8. Previously, Magdziak et al.
[22c] and Pezzella et al. [23a] reported that the regioselective oxidation of electron-rich phenols with 2-iodoxybenzoic acid (IBX) proves to be useful as an efficient method for the construction of a variety of catechols and o-quinones using mild conditions. In order to obtain the desired catechol 1, ortho-oxidation of compound 8 with IBX was explored. However, this reaction afforded a mixture of (+)-deoxynimbidiol (2) [7, 13] and synthetic catechol 10 [22b] in 22 and 41% yields, respectively. Since it appears likely that the observed mixture results from two possible intermediates I and II (Scheme 3), we considered the use of compound 9 in order to promote oxidation only at C14, via the more stable intermediate III (Scheme 3) . Ortho-oxidation of compound 9 with IBX led to the preferential formation of the catechol 1 in 50% yield (Scheme 3). The spectroscopic data were identical with the natural catechol, but the optical rotation values differed ([α] D -5, c 0.3, CHCl 3 ) lit. [5] [α] D -13.9, c 0.21, CHCl 3 ). It is probably that the difference between the optical rotation values is due to the fact that compound 1, isolated by Kuo et al. [5] was not pure (amorphous solid) and thus exhibited a different value. In summary, this work provides a short synthesis of natural ring C aromatic diterpenes from (+)-manool (4). The key intermediate for such preparation is α,β-unsaturated ketone 7, which was easily prepared from (+)-manool (4) after a two-step sequence. Utilizing this strategy, the first enantiospecific synthesis of (-)-13,14dihydroxy-8,11,13-podocarpatrien-7-one (1), starting from (+)manool (4), has been accomplished. 
Experimental

Ozonolysis of (+)-manool (4):
A flow of O 3 (1 L/min) was bubbled through a solution of 4 (700 mg; 2.4 mmol) in dry toluene (70 mL) at 0ºC for 10 min. Then, a solution of 1N NaOH (40 mL) and Bu 4 NBr (38.8 mg; 0.12 mmol) were added dropwise to the reaction mixture at a constant rate over a period of 30 min at 0°C. When the addition was complete, the reaction mixture was warmed to room temperature and stirred for 2 h. The mixture was extracted with AcOEt (3 × 40 mL). The resulting solution was washed with brine, dried, evaporated and chromatographed. Elution with 3% ethyl acetate in n-hexane afforded the α,β-unsaturated ketone,
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Natural Product Communications Vol. 9 (3) 2014 357 podocarp-8(14)-en-13-one (7) (62.0 mg, 10%) as colorless crystals (n-hexane). The spectroscopic properties were in good agreement with those reported in the literature [13] . Elution with 4% ethyl acetate in n-hexane afforded 15,16,17-trinorlabdane-8,13-dione (6) (407.8 mg, 64%) as a colorless oil. The spectroscopic properties were in good agreement with those reported in the literature [13] .
Aromatization of compound 7 with CuBr 2 :
To a solution of the α,β-unsaturated ketone 7 (100 mg, 0.41 mmol) in CH 3 CN (10 mL), CuBr 2 (181.3 mg, 0.81 mmol) and LiBr (35.2 mg, 0.41 mmol) were added in one portion. The solution was stirred for 10 min at room temperature. The reaction was quenched by addition of 1M HCl (5 mL). The mixture was extracted with CHCl 3 (3 × 10 mL). The organic phase was washed with brine, dried, evaporated and chromatographed. Elution with 4% ethyl acetate in n-hexane afforded compound 8 (82.0 mg, 83%) as white crystals (n-hexane). Aromatization of compound 7 with sodium acetate: Air was slowly bubbled through a solution of the α,β-unsaturated ketone 7 (100 mg, 0.41 mmol) and anhydrous sodium acetate (83.2 mg, 1.01 mmol) in dry DMF (10 mL) for 18 h while this was stirred and heated at 120°C. After cooling, the reaction was poured onto a mixture of crushed ice and water (10 mL) containing CHCl 3 (30 mL). HCl (1M, 6 mL) was added and then the organic layer was separated. The aqueous phase was extracted with CHCl 3 (3 × 20 mL). The organic phases were combined and washed with 1M HCl, water and brine, then dried, evaporated and chromatographed. Elution with 4% ethyl acetate in n-hexane afforded compound 9 (94.9 mg, 91%) as white crystals (n-hexane). The spectroscopic properties were in good agreement with those reported in the literature [22a] . Hydroxy-8,11,13- in CHCl 3 :CH 3 OH (4:1, 3 mL). The solution was stirred for 1 h at room temperature. To the resulting mixture, was added NaBH 4 (38.7 mg; 1.02 mmol). The mixture was stirred for 4 h at room temperature. The reaction was quenched by addition of 1M HCl and extracted with n-hexane. The produced 2-iodobenzoic acid was easily crystallized from n-hexane. The n-hexane solution was washed with brine, dried, evaporated and chromatographed. Elution with 4% ethyl acetate in n-hexane afforded compound 10 (10.9 mg, 41%) as colorless crystals (n-hexane) and compound 2 (5.9 mg, 22%) as white crystals (n-hexane). The spectroscopic properties were in good agreement with those reported in the literature [7,13,23c] . 13,14-Dihydroxy-8,11,13-podocarpatriene ( 
13-Hydroxy
13-
Oxidation of compound 9 with IBX:
Ortho-oxidation of 9 (50.0 mg; 0.19 mmol) following the same procedure described for 8, afforded 1 (26.5 mg, 50%) as white crystals (n-hexane). Supplementary data: IR, mass, 1 H and 13 C NMR spectra for compounds 1, 6, 9 and 10.
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